Aims: To examine the relationship between workplace violence perpetrated by clients, their innate neurophysiological response to dis-ease and the resulting interactions with healthcare providers.
| INTRODUC TI ON
I don't' know of a person who hasn't been threatened or verbally assaulted or had some sort of near miss with a physical assault. (Fedele, 2016, p. 18) The statement above reported by an emergency department nurse reflects the experience of many nurses and healthcare workers worldwide as they are increasingly exposed to workplace violence (WPV) on a daily basis. Workplace violence has been defined as "Incidents where staff are abused, threatened or assaulted in circumstances related to their work, … involving an explicit or implicit challenge to their safety, well-being or health" (International This paper reports the findings of a workplace violence study from the perspective of adverse childhood experiences (ACE) research (Felitti et al., 1998) , incorporating advances in neurophysiology (Porges, 2007) and a trauma-informed approach to care provision (Bateman, Henderson, & Kezelman, 2013) .
| BACKG ROU N D

| Workplace aggression and violence risk factors
The risk factors for WPV have been variously described and well documented over a number of years to include the following: long waiting times, over crowding in emergency departments, noise levels, lack of privacy and personal space, healthcare systems and processes not understood by clients, unrealistic expectations of clients, insufficient staffing and resources, delays in providing analgesia, perceived/actual staff incompetence or unsympathetic attitudes, inadequate communication, poor staff skills mix, perceived favouritism, inflexible visiting hours and clients perceiving the healthcare environment as "inhospitable," "dehumanising" and "unsafe" (Boafo, 2016; Cai, Deng, Liu, & Min, 2011; Chappell & Di Martino, 2006; Design Council 2014b , Morphet et al., 2014 Pich, Kable, & Hazelton, 2017) .
In a study of staff and patient perspectives on the causes of patient aggression, Duxbury and Whittington (2005) found that patients perceived environmental conditions and poor communication to be a significant precursor of aggressive behaviour. In contrast, nurses viewed patients' mental illnesses to be the main reason for aggression. There is recognition, however, that feelings of anxiety, fear, pain and loss, often associated with visits to healthcare services, may result in clients both with and without mental health diagnoses, becoming more easily frustrated, violent and/or aggressive than they would usually be (Design Council 2014a). As suggested by Volavka (1999) , neurobiological and socio-environmental factors continuously interact. Therefore, to understand aggression and violence we need "to study it in the context of biosocial interaction" (Volavka, 1999, p. 312) .
The ACE study (Felitti et al., 1998) of adults was one of the largest studies to inform our understanding of the relationship between ACEs and the impact of such experiences on the health and wellbeing of adults. The study looked at ACE such as psychological, physical and/or sexual abuse; witnessing violence; exposure to substance abuse; mental illness; and/or imprisonment of a family member. Fifty-two per cent of respondents had experienced ≥1 category of adverse childhood exposure, while 6.2% reported ≥4 exposures.
As the number of childhood exposures increased, the prevalence and risk increased for smoking, obesity, alcohol and drug abuse, depressed mood and suicide attempts (Felitti et al., 1998) . Exposure to ACEs affects brain development and leads to a cascade of biological changes and stress responses which are highly associated with mental health conditions including unresolved anger, PTSD and substance use disorders (Forkey, Gillespie, Pettersen, Lisa Spector, & Stirling, 2014) . Hyperarousal, for example, commonly occurs, primarily as a means of self-protection after initial trauma, but if continued over a lifespan, may be detrimental, interfering with the individual's ability to assess threat or safety. Consequently, individuals, such as those coming into health services, may overreact to situations, perceiving them as a threat, when in fact the circumstances are actually safe (Substance Abuse and Mental Health Services Administration 2014).
| A sense of threat or safety and its influence on behaviour
The concept of "safety" can have different meanings (Nilsen et al., 2004) . Healthcare organisations primarily describe safety in terms of the exclusion of risk from physical and psychological injury and What this paper contributes to the wider global clinical community
• Healthcare environments can be perceived as a threat to physical and psychological safety for clients resulting in activation of fight responses.
• Understanding trauma and neurophysiological responses to threat and implementing a trauma-informed approach to care and practice can assist health providers managing workplace violence. the elimination of danger (Porges, 2015) . The reduction of risk and danger, however, does not necessarily result in an individual feeling that they are out of danger, nor indeed, that they are in an optimal state to deliver or receive much needed care (Nilsen et al., 2004) .
The World Health Organization (WHO) defines safety as follows: a state in which hazards and conditions leading to physical, psychological or material harm are controlled in order to preserve the health and well-being of individuals and the community. It is an essential resource for everyday life that an individual and a community need in order to realise their aspirations. (Maurice et al., 1998, p. 1) Safety is considered to be two-dimensional with an objective component, assessed by behavioural and environmental measures, and a subjective component, acknowledging the feeling of safety (Maurice et al., 1998) experienced by staff and clients alike. One influences the other either positively or negatively, for example, having armed security staff to intervene in client-perpetrated violence, could generate a feeling of fear within the healthcare environment (Drugs and Crime Prevention Committee 2011). Therefore, it is important to take both objective and subjective components of safety into account when redesigning policies, procedures and educational programs related to safety. Safety means more than the absence of violent events or injuries and is the result of complex processes of individuals interacting with not only their physical, social, cultural, technological and organisational environments (Maurice et al., 1998) , but also with their internal neurophysiological environment (Porges, 2015) .
Porges' polyvagal theory increases our understanding of the neural regulation of the autonomic nervous system (sympathetic and parasympathetic responses), as well as the connection between human actions/behaviours and the autonomic nervous system's (ANS) adaptive fight-flight defence responses (Porges, 2003 (Porges, , 2007 Porges & Carter, 2012) . The theory (polyvagal) derives its name from the identification of two pathways of the vagus (10th cranial) nerve: the ventral vagal branch, only observed in mammals, including humans; and the dorsal vagal branch, an ancient pathway also found in vertebrates (Porges, 2003) . Thus, in addition to the sympathetic nervous system (SNS) fight-flight mobilisation defence response via the hypothalamus-pituitaryadrenal (HPA) axis, the parasympathetic nervous system (PNS) through the ventral vagal pathway regulates structures involved in social engagement and communication such as facial expression, vocalisation, hearing, listening and breathing, while the dorsal vagal pathway regulates the viscera below the diaphragm and can activate the immobilisation defence response (dissociation, freeze and fold). Both branches influence the activity of the heart (Porges, 2003) . The nervous system, through the processing of sensory information from the environment, the people around us and our viscera, evaluates risk or safety (Porges, 2007) . This automatic, subconscious process is called neuroception (Porges, 2007) .
Around 80% of nerve fibres in the vagus nerve are sensory nerves, conveying information from the viscera to the brainstem (Porges, 2017) . Polyvagal theory poses that the ANS reacts to challenges in an organised hierarchy, from attempts at social engagement (ventral vagal response), to fight-flight mobilisation behaviours (SNS response), then to dissociative/freeze immobilisation behaviours (dorsal vagal response) when all else fails (Porges, 2017) . When a sense of safety is neurophysiologically experienced by the client, they are more likely to be in a state of social engagement with healthcare professionals (Porges, 2015) . Alternatively, if perceived or real threat is detected, such as physical/emotional stress, trauma, illness or unfamiliar environment, the SNS is "recruited" (Porges, 2003) . It is important to note, however, that in instances of prolonged stress, anxiety and mental health issues, "an invalid neuroception of safety or danger might contribute to maladaptive physiological reactivity" (Porges, 2003, p. 40) . This may result in the expression of defensive aggression and violent behaviours where there is safety or, alternatively, inability to activate defence systems in an environment of risk.
Healthcare safety guidelines acknowledge WPV triggers such as distress, noise and denying someone service, which may result in aggressive actions such as verbal abuse, throwing objects and pushing, that create health and safety risks to employees (WorkSafe Victoria 2017). However, the importance of understanding the human neurophysiological response to discomfort, or dis-ease, and the perception of threat or safety in interaction with healthcare providers has not been articulated.
| Trauma-informed care
A trauma-informed care (TIC) approach to the delivery of healthcare services acknowledges the prevalence of toxic stress, trauma and interpersonal violence in the community generally, and in healthcare clients and staff more specifically. TIC takes into account the neurophysiological and psychosocial effects of stress, trauma and violence (Bateman et al., 2013) , and emphasises physical, psychological and emotional safety for both clients and providers, both of whom may Considerable work has been undertaken to identify the causes of WPV in an effort to reduce the risk in health care. However, there is a gap in understanding of what happens to clients of healthcare services that causes them to instigate violence against the very healthcare staff who are trying to help them. In this paper, we explore client-on-worker violence through the lens of polyvagal theory research which looks at the body's normal neurophysiological response to stress.
| ME THODS
| Aim
This paper examines the relationship between WPV perpetrated by clients, their innate neurophysiological response to dis-ease and the resulting interactions with healthcare providers.
| Design
This explanatory study was part of a larger descriptive study examining participant's experiences of WPV perpetrated by clients and the guidance they used for managing WPV. Reporting of this research adheres to the COREQ guidelines.
| Sites
Australian hospitals are categorised into "peer groups" which include groups of similar hospitals based on shared characteristics such as geographical location, size and patient activities. These groupings support comparisons that reflect the purpose, resources and role of each hospital (Australian Institute of Health and Welfare 2015). Of the 136 hospitals located in metropolitan and regional Victoria, Australia, a representative sample of large and small, metropolitan and regional health services was approached to participate in this study. The aim was to include a representative sample of health services from each peer group (Beattie, Innes, Griffiths, & Morphet, 2018) . 
| Ethics
| Participants
A purposive sample of directors and managers of services, and those who worked in occupational health and safety (OHS) or coordinated the hospital aggression management plan were invited to participate. In addition, managers from high-risk areas such as aged care, mental health, community outreach and the emergency department (ED) were also included. Thus, a representative sample of those who were responsible for the prevention and management of WPV, and who had experienced WPV by clients, was included.
| Recruitment
Hospital OHS managers or Chief Executive Officers (CEO) assisted with recruitment. Individual emails were sent to potential participants. Explanatory information, the participant information and consent form (PICF), contact details and invitation to ask questions about the study were provided. A follow-up email and telephone call were made to each participant to ensure any questions had been addressed.
| Data collection
Semistructured, individual or group interviews were conducted taking into account the preferences of the participants for type of interview, time and place. The questions were specifically designed for the larger descriptive study related to the guidance material used in the prevention and management of WPV, and participant experiences of WPV (Refer Additional File). These were pilot tested on a group of 10 OHS managers. Following review of the transcripts and fieldnotes by the research team, additional prompts were included.
To ensure consistency, one researcher (JB) conducted the interviews.
Fieldnotes were made by the interviewer throughout the study and reviewed by the research team to identify any bias in interviewing technique and process. Interview transcripts were checked by three researchers (JB, DG and JM) against the recordings to ensure accuracy of transcription and to familiarise themselves with the raw data in preparation for analysis.
| Analytical framework and method
All transcripts from audio-recorded interviews were imported into the NVivo 11 Pro qualitative data management system (QSR 2015) .
Following an inductive thematic analysis to describe the workplace violence guidance sought by healthcare staff, a secondary analysis of the data, informed by understandings of ACE (Felitti et al., 1998) , polyvagal theory (Porges, 2003 (Porges, , 2007 (Porges, , 2015 (Porges, , 2017 and traumainformed care (Bateman et al., 2013) , was conducted. Analysis was guided by the question: What happens to clients that causes them to instigate WPV against healthcare workers? This analytical framework was used to increase our understanding of trauma and the nervous system's defence response to threats to clients' physiological and psychological safety with a view to informing policy and practice related to WPV. The data were coded, categorised and themed by JB using the NVivo 11 Pro qualitative data management system which enabled an audit trail of analysis which was discussed, clarified and refined by the research team.
| RE SULTS
| Participants
Thirty-three individual interviews and 21 group interviews (2-10 participants; n = 66) were conducted, with 99 volunteers at their own healthcare sites. The majority worked in OHS (n = 26; 26.3%), ED (n = 17; 17.2%) and home visiting services (n = 14; 14.1%), and 69 participants (69.7%) were female. Interviews took an average of 28.5 min.
Managers (n = 45; 45.5%), departmental directors (n = 21; 21.2%), OHS staff (n = 26; 26.3%), registered nurses (n = 4; 4.04%) and educators (n = 3; 3.0%) participated. The registered nurses worked in the ED and the urgent care centres of two different medium-sized regional hospitals. The majority of participants were from regional hospitals (n = 57; 57.6%), with 39 (39.4%) from city hospitals and three (3%) from a specialist hospital.
| Themes related to sources of WPV
In the following sections, the themes related to what happens to clients that causes them to instigate WPV are described and discussed.
Explanations are based on participant reports through the lens of polyvagal theory.
| Client stress and frustration
There was acknowledgement that all levels of staff may have experienced or witnessed WPV, for example cleaning staff and even visitors (ID73). Evidence from the interviews highlighted that aggression was perpetrated by patients, family members, other visitors (Type II) and colleagues (Type III) within, and from disciplines other than nursing (ID8, ID17, ID44, ID49, ID65, ID68, ID71).
Participants reported the stress that clients experienced, and some of the triggers to WPV such as anxious parents verbally abusing and name-calling because they perceived their child was being "neglected" by not being treated immediately (ID57). Relatives often became aggressive due to the frustration of dealing with health service staff and procedures (ID44). One participant reported that the reaction to the death of a loved one is unpredictable and coupled with a psychiatric history, this participant experienced a verbally aggressive, and "in your face" relative (ID78). Some visitors were already angry and aggressive on presentation to the service (ID48, ID71, ID73).
Thus, participants acknowledged that WPV situations were "generally quite high stress situations," and three of the participants recognised that under these circumstances clients can resort to "fight or flight" behaviours when they are frustrated, stressed and in an unfamiliar environment (ID38, ID62, ID72 ). Under such situations, the neurophysiological defence system goes into fight mode, mobilising in an attempt to have their needs addressed or get the care the relative perceives is required.
| Previous client trauma
One-third of participants recognised that clients who inflict WPV are not only highly stressed, but many have a history of trauma.
Adverse childhood experiences such as family breakdown (ID23) and family abuse (ID72, ID98) were identified, along with trauma from violence experienced as refugees, and/or sexual assault (ID23). One Participants discussed the unpredictability of client actions, expecting that "at one stage someone is going to get hit" (ID57). Some participants perceived that "the majority of incidents come out of the blue [regardless of] whether it's a family member, whether it's drug induced, or it's a mental health" issue (ID3). However, with application of polyvagal theory, noting that the ANS reacts to threats in a hierarchy, from attempts at social engagement and communication, which may have failed, through to fight-flight mobilisation behaviours, we can understand that we may have missed very early and subtle signs of increasing agitation. Participants related instances of directing clients or confining them, which resulted in aggression. In one instance, the nurse told a patient they "have got to have a shower now" when the patient did not want it now, then wondered why their persistence let to aggression (ID57). In another instance which resulted in aggression, a visitor was not allowed access to the hospital to visit a loved one, because of a Code Black (ID1).
| The impact of care provision on client violence and aggression
A further instance involved confining a mental health patient in a glassed cubicle. The patient responded by taking the oxygen cylinder under the bed and throwing it through the glass (ID1). Waking up from anaesthetics was another instance of where the impact of care delivery can result in patient violence in the recovery room or intensive care unit (ID59).
While some participants recognised that a past history of trauma, current state of stress or cognitive impairment, and directing or restricting people, could result in care delivery being perceived by patients as a threat, others did not, and were surprised at the resulting fight reactions of aggression.
| Trauma-informed care and practice
Trauma-informed care (ID23, ID62) and a recovery model of care (ID87) were recommended, not only for mental health areas, but also for all areas of a health service. A number of health services were implementing programs across their organisation that were underpinned by trauma and recovery models of care, encouraging a mentally healthy workplace (ID52) not only for patients but also for staff. However, participants highlighted the challenges in engaging patients when patients were experiencing altered conscious states due to drugs, or altered cognitive states with an acquired brain injury, dementia and other mental health conditions (ID57).
ID62 recommended carrying out a trauma assessment to support staff in having a clearer understanding of traumatic experiences that might be triggering clients. "It's crucial to get to understand people, because their history is often what leads you to the understanding of why they're behaving in a certain way" (ID72).
The often-noisy environment of an emergency department was reported as a trigger for some clients (ID57, ID101), as was being admitted into hospital. As highlighted by participants, some staff may actually escalate an issue without being aware of it. …you can actually sit back and watch the way people approach ED reception … they really don't want to be here. And you've got staff who dismiss them … you think, you're going to wear it any minute now. (ID57) …someone is calm, but then they start pacing or they're starting to say things like, "I've had enough", and whatever. Instead of just thinking: "Oh yeah, well that'll be right". Thinking straight away, I need to get in and do something. (ID1)
Participants reported various strategies they used daily to identify and decrease WPV. Identifying early signs of agitation such as pacing, and using de-escalation, such as asking: "Is there anywhere you need to be?" was reported to decrease WPV (ID57). Engaging with clients early, showing an understanding of their situation and inviting them into a quieter area where possible, was reported as a method of reducing risk, not only to the person, but also to staff and other clients (ID57). Talking calmly with patients and involving them in their care, giving them information, ensuring medications have been administered and following up on any treatment delays (i.e., social engagement) were reported to prevent escalation of behaviour (ID1). Further, setting boundaries with the patient early, such as no smoking, accessing nicotine patches and sprays where appropriate, was seen as important (ID1).
ID72 reported the often-lengthy "work and effort" of progressively uncovering the trauma history of a very aggressive resident in their care, to get to a point of understanding who this person really was, rather than resorting to judgement and expectation that the resident should "behave." The strategy used to assist staff with this resident was to run a visualisation session, suggesting staff "put yourself in this person's shoes, they are not able to stay at home any more, their care needs are beyond their ability to stay at home, and they're suddenly institutionalised" (ID72). Over time, communication with the resident improved as they "felt safe" enough to engage non aggressively with staff.
Thus, participant reports indicated that while some staff escalated behaviours, others "have just got that calm manner, they don't get rattled so they don't escalate with the patient, they just remain calm" (ID1). As well, there was recognition that if staff are reactive, they may be triggering reactivity in others. ID47 suggested that resilience training could be "valuable in helping staff to manage their own emotions and how emotions can be projected" influencing how they communicate with patients and other staff. contact and speaking softer and slower. Thus, the staff member is in a state of social engagement (ventral vagal response) with decreased SNS activation. In this neurophysiological state, the staff member is more able to detect if others are in a calm physiological state and safe to approach, or whether they are in a potentially unsafe fight/flight reactive state, and respond accordingly (Geller & Porges, 2014) . Further, this state of presence and attention is more likely to result in coregulation of the client's neurophysiology to a more socially engaged state (Porges, 2015) . Thus, the social engagement system enables social behaviour to regulate physiological state. "As individuals change their facial expressions and voices, [as well as the movements of their head and hands] they are also changing their physiology" (Porges, 2015, p. 118) .
In chronic stress, anxiety, depression and mental illness, the normal neurobiological defence of fight, flight and/or freeze is activated (Kozlowska, Walker, McLean, & Carrive, 2015; Porges, 2003; Raio & Phelps, 2015) . In such a state, even with the staff member appropriately engaging, it can be difficult to down regulate the mobilisation response, and if not regulated, feelings of anger and rage and aggressive behaviour (fight), or restlessness, anxiety, tension and running away (flight) may be evident in people coming into health services. When people are fearful, in distress, in pain, desperate, or alcohol or drug affected, they have a decreased ability to regulate their behaviour resulting in an increased risk of committing violence (Chappell & Di Martino, 2006) .
It is important to recognise that in WPV, it is the aggression and violence we are witnessing and experiencing, is fight/flight mode; whereas, it is possible that many more clients may be experiencing neurobiological responses to the stress of illness and hospitalisation in the form of dissociation; symptoms which may include a disengaged and unresponsive client. In such cases, the health professional may need to make extra effort to ensure these clients are not retraumatised (Reeves, 2015) . Acknowledging that clients may present with past histories of trauma, the healthcare service experience itself can be traumatising, and participants recommended the introduction of a TIC model into all healthcare services. This recommendation supports that of the National Trauma-Informed Care and Practice Advisory Working Group in Australia who have recommended a cultural shift in policy reform across health service providers towards a model of trauma-informed care and practice (Bateman et al., 2013) .
Various approaches have been developed in an effort to decrease WPV: face-to-face and online programs, case scenarios, toolkits, and organisational policy and environmental changes (Ramacciati, Ceccagnoli, Addey, Lumini, & Rasero, 2016) , underpinned by a number of theories and frameworks (Ramacciati, Ceccagnoli, Addey, Lumini, & Rasero, 2017) . A number of the studies recognise the link between ANS arousal and WPV and discuss interventions to address this. Most of these approaches suggest a "top-down" model of aggression as a cognitive process, drawing on the well-known fight/ flight mobilisation defence response via the hypothalamus-pituitary-adrenal axis. If the client is feeling unsafe, these "top-down" approaches are often inadequate in deescalating a situation. However, Sutton, Wilson, Van Kessel, and Vanderpyl (2013) provide an alternative theoretical "bottom-up" approach, also drawing on polyvagal theory in their study of a suite of sensory-based interventions with client access to a designated sensory environment including but not limited to: massage and rocking chairs, weighted blankets, relaxing sounds, aromatic oils, scented hand cream, adjustable lighting and guided imagery. They found that not only did this intervention facilitate a calm state and enhance interpersonal engagement, but this "bottom-up" approach also supported patient self-management, assisted in present moment awareness and "supported de-escalation of arousal or regulation of emotion in the majority of people who used it" (Sutton et al., 2013, p. 508) .
Trauma-informed care takes into account providers' own trauma histories, including vicarious trauma, acknowledging that these may affect how staff respond to WPV perpetrated against them (Beattie et al., 2018; Reeves, 2015) .
| S TRENG TH S , LIMITATI ON S AND FUTURE RE S E ARCH
This study supports the conclusions of Sutton et al. (2013) and Ramacciati et al. (2017) and their colleagues that incorporating explanatory theories (such polyvagal theory) underpinning WPV and basing interventions on specific theoretical frameworks (such as trauma-informed care) extend the knowledge and inform practice for the prevention of WPV. While the participants were selfselected, mostly managers, from diverse healthcare settings, future research could target nurses delivering direct care and their clients.
Informed by polyvagal theory, future research into "bottom-up" interventions that increase social engagement and decrease emotional reactivity needs to be conducted.
| CON CLUS ION
Healthcare services can be experienced as stressful environments for clients. Coupled with high incidences of past trauma, clients' assessment of risk and safety can be compromised resulting in inappropriate reactivity when staff are trying to provide care. Care provision can be perceived by clients as a threat to their physical and psychological safety, activating the fight protective response resulting in aggression. Understanding and applying current neuroscience and implementing a cultural change of trauma-informed care have the potential to reduce WPV. Even with these understandings, it is imperative that healthcare staff are protected and feel safe at work.
| RELE VAN CE TO CLINI C AL PR AC TI CE
Understanding trauma and the neuroscience of threat and safety can assist staff to understand what happens to clients that causes them to instigate violence against healthcare providers and implement systems and strategies to respond to such threat.
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